The anisotropic superfluid 3 He-A in aerogel provides an interesting example of a system with continuous symmetry in the presence of random anisotropy disorder. Recent NMR experiments allows us to choose between different regimes of the orientational disorder.
Introduction
Behavior of systems with continuous symmetry in the presence of random anisotropy disorder is the subject of theoretical and experimental investigations. Recent example is provided by the nematic liquid crystals in random porous medium, in which the order parameter -the unit vectorn -interacts with the quenched random anisotropy disorder (see e.g. Ref. [1] and references therein). The anisotropic phase A of superfluid 3 He is characterized by two Goldstone vectors: the unit vectorl characterizes the spontaneous anisotropy of the orbital properties of the system; and the unit vectord characterizes the spontaneous anisotropy of the spin (magnetic) degrees of freedom. Superfluid 3 He-A confined in aerogel provides a very interesting system, in which the orbital vectorl interacts with the random anisotropy disorder of the silicon strands, while the vectord of the spontaneous anisotropy of spins weakly interacts withl via tiny spin-orbit coupling. On recent experiments on the superfluid 3 He-A in aerogel see Refs. [2, 3] and references therein.
Ref. [3] describes the pulsed NMR experiment, in which the dependence of the frequency shift on the tipping angle of the precessing magnetization has been measured. It has been suggested that this dependence contradicts to the behavior of 3 He-A, but is in agreement with the so-called robust phase which is not sensitive to the orientational disorder [4] . Here we would like to stress that the measured dependence is not in the disagreement with the Imry-Ma [5] description of 3 He-A in aerogel [6] , and allows us to choose between different regimes of the orientational disorder.
Larmor precession of 3 He-A
In conventional experimental situation the spin-orbit (dipole-dipole) energy is smaller than Zeeman energy and may be considered as a perturbation. In zero-order approximation when the dipole energy and dissipation are neglected, the spin freely precesses with the Larmor frequency ω L = γH, where γ is the gyromagnetic ratio of 3 He nuclei. In terms of the Euler angles the precession of magnetization is given by
Here S = χH is the amplitude of spin induced by magnetic field; the axisẑ is along the magnetic field H; matrix R y (β) describes rotation about transverse axis y by angle β, which is the tipping angle of the precessing magnetization; R z describes rotation about z; α is the phase of the precessing magnetization. According to the Larmor theorem [7] , in the precessing frame the vectord is in turn precessing about S. Because of the interaction between the spin S and the order parameter vectord, the precession ofd occurs in the plane perpendicular to S, and it is characterized by another phase Φ d . In the laboratory frame one has the time-dependent spin vector
and the time-independent orbital vector
This is the general state of the pure Larmor precession of 3 He-A, and it contains 5 Goldsone parameters: 2 angles α and β of the magnetization in the precessing frame; angle Φ d which characterizes the precession of vectord; and two angles λ and Φ l of the orbital vectorl. The spin-orbit (dipole) interaction F D ∝ −(l ×d) 2 lifts the degeneracy. After averaging over the fast precession one obtains [8, 7] :
where Ω A is the so-called Leggett frequency -the frequency of the longitudinal NMR in the A-phase;
The dipole interaction leads to the frequency shift of Larmor precession:
In the bulk 3 He-A, the minimum of the dipole interaction requires that Φ d = Φ l , and sin 2 λ = 1, i.e. the equilibrium position ofl is in the plane perpendicular to H. However, for the 3 He-A confined in aerogel, the disorder and gradient energy may essentially modify such an equilibrium state by destroying the long-range orientational order due to the Imry-Ma effect [6] .
Different frequency shift for different regimes of disorder
Let us consider three main cases:
(1) Extreme case of weak disorder, when the characteristic Imry-Ma legth L of the disorderedl-texture is much bigger than the characteristic length scale ξ D of dipole interaction, L ≫ ξ D . In this case the disorder may be neglected and one obtains the result of the bulk 3 He-A, corresponding to the equilibrium value of Φ (i.e. Φ = Φ d − Φ l = 0) and equilibrium value of λ (i.e. sin 2 λ = 1). Then Eq. (5) gives
(2) Extreme case of complete disorder: the random Φ (i.e. sin 2 Φ = 1/2) and randoml (i.e. sin 2 λ = 2/3). In this case it follows from Eq.(5) that the frequency shift is absent:
In the limit of strong disorder, the Imry-Ma size L of thel-texture is smaller than the dipole length, L ≪ ξ D . However, the Eq. (7) is actually valid for three different cases: (2i) when both Φ l and Φ d are random; (2b) when Φ l is random while Φ d is fixed; (2c) when Φ d is random while Φ l is fixed.
(3) There can be another class of disorder, for whichl is not oriented by the dipole interaction, while Φ d is aligned with Φ l by the dipole interaction. In this case thel-vector is random (i.e. sin 2 λ = 2/3), but Φ has the equilibrium value Φ = Φ d − Φ l = 0. In this case
In the more general case, when Φ d is only partially aligned with Φ l , one obtains
For sin 2 Φ = 1/2 this equation transforms to Eq.(7) and for Φ = 0 it transforms to Eq. (8) . The equation (9) also gives some hint on how the negative frequency shift, which is frequently observed in NMR experiments on 3 He-A in aerogel [9] , may emerge.
Discussion
The case (3) is consistent with observations [3] , where the (1 + cos β) behavior of the frequency shift has been found in the pulsed NMR experiments. The prefactor in front of (1 + cos β) is still unknown because the Leggett frequency has not been measured independently.
The case (3) means thatl does not follow the prescription of dipole interaction, while Φ d either completely or partially follows Φ l . The complete alignment of Φ d with Φ l would mean that the characteristic Imry-Ma size L of thel-texture exceeds the dipole length, L ≫ ξ D . The partial alignment would mean that L < ξ D , which is consistent with the non-alignment ofl by the dipole interaction. However, the case of complete alignment of Φ d with L ≫ ξ D should not be excluded, since due to the disorder thel-texture could be more rigid thand, or it could be strongly pinned at scales ξ D . For comparison, the robust phase also gives rise to (1 + cos β) behavior of the NMR frequency shift [10, 4] :
The measurement of the Leggett frequency Ω A will allow us to distinguish between the factor 1/8 in Eq.(10) for the robust phase, the factor 1/12 in Eq.(8) and the smaller factor in Eq.(9) for 3 He-A. The effect of the random anisotropy on the behavior of the system is still not well understood, and it depends on the scaling behavior of the disorder strength (see ref. [1] ). Experimental confirmation of Eq.(8) or Eq.(9) would impose constraints on the theoretical models of the orientational disorder in superfluid 3 He-A in the aerogel. I thank V.V. Dmitriev for discussions. The work was supported in part by the Russian Foundation for Fundamental Research and the ESF Program COSLAB.
